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INFRARED DETECTOR WITH AMORPHOUS SILICON 
DETECTOR ELEMENTS , AND A METHOD OF MAKING IT 

TECHNICAL FT ELD O ^ THF INVENTION 

This invention relates in general to infrared 
detectors and, more particularly, to infrared detectors in 
which the thermally sensitive material is amorphous 
silicon . 
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BACKGROUND OF T HE INVENTION 

Over the years, various types of infrared detectors 
have been developed. Many include a substrate having 
thereon a focal plane array, the focal plane array 
including a plurality of detector elements that each 
correspond to a respective pixel. The substrate contains 
an integrated circuit which is electrically coupled to the 
detector elements, and which is commonly known as a read 
out integrated circuit (ROIC) . 

Each detector element includes a membrane which is 
suspended at a location spaced above the top surface of the 
substrate, in order to facilitate thermal isolation. The 
membrane includes a thermally sensitive material, such as 
vanadium oxide (VOx) . The membrane also includes two 
electrodes, which are each coupled to the thermally 
sensitive material, and which are also coupled to the ROIC 
in the substrate. As the temperature of the thermally 
sensitive material varies, the resistance of the thermally 
sensitive material also varies, and the ROIC in the 
substrate can determine the amount of thermal energy which 
has been received at a detector element by sensing the 
resistance of that detector element. Existing ROIC 
circuits have been developed to be compatible with input 
impedance requirements of the associated detector elements. 

One common type of ROIC circuit is known as a pulse- 
biased mode current skimming ROIC, and is frequently used 
with vanadium oxide detector elements. In this type of 
ROIC, the bias voltage to the electrodes in each membrane 
is not continuous. Instead, the bias voltage is kept off 
until the ROIC is ready to read the detector element. The 
bias voltage is then turned on, the current which then 
flows through the thermally sensitive material in the 
detector element is integrated, the result of the 
integration is read, and the bias voltage is turned off. 
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This type of pulsed-mode operation limits heating within 
the detector element caused by the current flow from the 
bias voltage. The input impedance of this type of ROIC is 
typically in the range of about 10KQ to 1000KQ. A 
5 different type of known ROIC circuit is a direct current 

bias switched capacitor integrating amplifier per unit cell 
ROIC. In this approach, the bias voltage to each detector 
element is kept on continuously, and the output of the 
detector element is periodically switched to an integrating 

10 amplifier. The input impedance of this type of ROIC is 

typically in the range of about 10MQ to 100MQ. 

Although infrared detector devices of this known type 
have been generally adequate for their intended purposes, 
they have not been satisfactory in all respects. For 

15 example, some disadvantages include limitations relating to 

the thermal mass in the membrane, the difficulty in 
balancing stress between layers in the membrane, high noise 
levels, and a relatively low temperature coefficient of 
resistance (TCR) , where TCR is a relatively standard 

2 0 measure of sensitivity for purposes of measuring thermal 

radiation . 

An approach to resolving some of the existing problems 
has been based on the use of amorphous silicon as the 
thermally sensitive material. Amorphous silicon has the 
25 advantage that a relatively high TCR value and thus a high 

level of sensitivity can be obtained by providing a low 
level of doping, or even by leaving the amorphous silicon 
undoped. However, when amorphous silicon is undoped or has 
a low level of doping, it also has a very high resistance. 

3 0 As a result, problems have been encountered in attempting 

to use amorphous silicon to implement detector elements 
which have a high TCR and thus a high level of sensitivity, 
but which also have an impedance that is matched to the 
input impedance requirements of existing ROIC designs. 
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This is because the effective resistance of the detector 
element was linked to the doping level that also provided 
the high level of sensitivity. For a desirably high level 
of sensitivity, the resistivity of an amorphous silicon 
detector tended to be about three orders of magnitude 
higher than would be appropriate for impedance matching 
with a pre-existing ROIC. Finally, prior to the present 
invention, it was impractical to use a relatively low doped 
amorphous silicon detector element with a pre-existing ROIC 
circuit designed for a lower impedance detector element 
(1KQ to 1000KQ) , such as a pulsed-bias mode ROIC, because 
the impedance requirements could not be matched in a 
suitable manner. 

A related consideration is that there are applications 
in which it is desirable to operate an infrared detector at 
a higher frame rate than the standard video frame rate of 
3 0 frames per second. But where the detector elements have 
a high resistance, it is difficult to operate them at a 
high rate of speed because a very high current would be 
required to read information rapidly out of a detector 
element with a high resistance, and the requisite high 
current would present problems in terms of power 
consumption, damage to the integrated circuit device, and 
so forth. 

One preexisting detector element based on amorphous 
silicon has a membrane which is about 2300A thick. The 
membrane contains an amorphous silicon layer, and has two 
spaced electrodes which each contact the amorphous silicon 
layer adjacent a respective end thereof. The amorphous 
silicon layer and the electrodes are sandwiched between two 
insulating layers. One of the insulating layers has 
embedded therein a relatively large absorber layer made 
from a material which absorbs infrared radiation. The 
electrodes are provided outwardly from the absorber layer 
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opposite sides thereof. Consequently, there is a 
relatively significant spacing between the electrodes. 
This distance between the electrodes is needed for optimum 
operation of the absorber layer. However, it also means 
5 that, when the amorphous silicon layer is undoped or 

lightly doped in order to obtain a high TCR, the effective 
resistance created between the electrodes by the amorphous 
silicon layer is so high that the impedance of the detector 
element can not realistically be matched to the impedance 
10 requirements of existing ROIC designs. While it would 

theoretically be possible to change existing ROIC designs 
in order to obtain an ROIC with an input impedance matched 
to the impedance of the detector elements, there is a 
strong incentive to avoid the expense and problems involved 
15 with attempting to change an existing ROIC design. 
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SUMMARY OF THE INVENTION 

From the foregoing, it may be appreciated that a need 
has arisen for an infrared detector, and a method of making 
it, where the infrared detector provides a high level of 
sensitivity while reducing problems of the type discussed 
above, in a manner so that an effective resistance for a 
detector element is substantially independent of the 
temperature coefficient of resistance and the level of 
doping. According to a first form of the present 
invention, a method and apparatus are provided to address 
this need, and involve the provision of an amorphous 
silicon portion which has a selected temperature 
coefficient of resistance, and the fabrication of first and 
second electrodes which are at spaced locations on the 
amorphous silicon portion and which are electrically 
coupled to the amorphous silicon portion. The electrodes 
and the amorphous silicon portion are structurally 
configured so as to provide between the electrodes through 
the amorphous silicon portion at a given temperature a 
resistance selected independently of the temperature 
coefficient of resistance. 

It will also be recognized that a need has arisen for 
an infrared detector, and a method of making it, in which 
the infrared radiation is efficiently absorbed. According 
to further form of the present invention, a method and 
apparatus, are provided to meet this need, and involve: 
providing a thermally sensitive portion having a resistance 
which varies with temperature; and fabricating a thermal 
absorber portion which absorbs infrared radiation, which is 
in thermal communication with the thermally sensitive 
portion, and which is made of an alloy that includes 
titanium and aluminum. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention will 
be realized from the detailed description which follows, 
taken in conjunction with the accompanying drawings, in 
which : 

FIGURE 1 is a diagrammatic perspective view of an 
infrared detector which embodies the present invention; 

FIGURE 2 is a diagrammatic fragmentary perspective 
view of a detector element which is a component of the 
infrared detector of FIGURE 1 ; 

FIGURE 3 is a diagrammatic sectional view taken along 
the ling 3-3 in FIGURE 2 ; 

FIGURE 4 is a diagrammatic sectional view taken along 
the line 4-4 in FIGURE 2 ; 

FIGURE 5 is a diagrammatic sectional view taken along 
the line 5-5 in FIGURE 4 ; 

FIGURE 6 is a diagrammatic sectional view similar to 
FIGURE 4 but showing an alternative embodiment of an 
infrared detector element which embodies the present 
invention; 

FIGURE 7 is a diagrammatic sectional view similar to 
FIGURE 6 but showing a further alternative embodiment of an 
infrared detector element which embodies the present 
invention; 

FIGURE 8 is a diagrammatic sectional top view similar 
to FIGURE 5, but showing the embodiment of FIGURE 7; 

FIGURE 9 is a diagrammatic view similar to FIGURE 4 
but showing yet another alternative embodiment of an 
infrared detector element which embodies the present 
invention; 

FIGURE 10 is a diagrammatic sectional view similar to 
FIGURE 4 but showing still another alternative embodiment 
of an infrared detector element which embodies the present 
invention; 
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FIGURE 11 is a diagrammatic sectional view taken along 
the line 11-11 in FIGURE 10; 

FIGURE 12 is a diagrammatic sectional view similar to 
FIGURE 10, but showing yet another alternative embodiment 
of an infrared detector element which embodies the present 
invention; 

FIGURE 13 is a diagrammatic sectional view similar to 
FIGURE 11, but showing the infrared detector element of 
FIGURE 12 ; 

FIGURE 14 is a diagrammatic perspective view of a 
detector element which is an alternative embodiment of the 
detector element of FIGURE 2; 

FIGURE 15 is a diagrammatic sectional view taken along 
the line 15-15 in FIGURE 14; 

FIGURE 16 is a diagrammatic sectional view taken along 
the line 16-16 in FIGURE 15; and 

FIGURE 17 is a diagrammatic sectional view taken along 
the line 17-17 in FIGURE 16. 
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DETAILED nK.qrRIPTIQ T OF THE INVENTION 

FIGURE 1 is a diagrammatic perspective view of an 
infrared detector 10 which can sense thermal energy and 
output electrical signals representative of a two- 
dimensional image of that sensed thermal energy. The 
infrared detector 10 includes a focal plane array 12 
disposed on a substrate 16. The substrate 16 includes an 
integrated circuit of a type which is commonly known as a 
read out integrated circuit (ROIC) . The ROIC reads out the 
thermal information gathered by the focal plane array 12. 

A thermal element 17 is provided on the side of the 
substrate 16 opposite from the focal plane array 12, in 
order to serve as a form of controlled heat sink which 
maintains the integrated circuit substrate 16 at a 
substantially constant temperature which is predefined. 
The constant temperature prevents ambient or internally 
generated temperature gradients from affecting operation of 
the focal plane 12, and thus provides a baseline with which 
the thermal energy impinging on the focal plane array 12 
can be accurately measured. 

The focal plane 12 includes a plurality of thermal 
sensors or detector elements, one of which is designated by 
reference numeral 21. The detector elements are arranged 
in a two-dimensional array, and each detector element 21 
corresponds to a respective pixel in each image detected by 
the infrared detector 10. The focal plane array 12 of the 
disclosed embodiment includes 76,800 detector elements 21, 
which are arranged in a 320 by 240 array. For clarity, 
however, FIGURE 1 diagrammatically depicts only about 140 
detector elements. It will be recognized that the total 
number of detector elements 21 in the focal plane array 12 
could be larger or smaller. Further, even though FIGURE 1 
shows the detector elements 21 arranged in a two- 
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dimensional array, they could alternatively be arranged in 
a one-dimensional array, or could be provided at arbitrary 
locations that do not conform to a specific pattern. With 
reference to FIGURE 2, one of the detector elements 21 of 
FIGURE 1 will be described in more detail. 

More specifically, FIGURE 2 is a diagrammatic 
fragmentary perspective view of a portion of the integrated 
circuit substrate 16, which has one of the detector 
elements 21 on it. In the disclosed embodiment, the 
detector elements all have the same structural 
configuration, and therefore only one of them is 
illustrated and described here in detail. In this regard, 
the substrate 16 has on an upper surface thereof two spaced 
electrical contacts or pads 31 and 32, which are each 
electrically coupled in a not-illustrated manner to an ROIC 
that is implemented within the substrate 16. Two 
electrically conductive aluminum posts 33 and 34 are each 
electrically coupled to and extend upwardly from a 
respective one of the contacts 31 and 32. Two 
approximately L-sha P ed legs 37 and 38 each have one end 
supported on a respective one of the posts 33 and 34. The 
legs 33 and 34 are mult i - layered parts, as discussed later. 
The opposite ends of the legs 37 and 38 support a multi- 
layered membrane 41, and the legs 37 and 38 each have other 
layers thereon, as described in more detail later. 

The top surface of the substrate 16 may optionally 
have thereon a layer 42 of a material which reflects 
infrared radiation. A space or gap exists between the 
membrane 41 and the reflective layer 42, and the distance 
between them is selected to be approximately one-quarter of 
a wavelength of the infrared radiation of interest, so as 
to create a resonant cavity which effectively traps the 
radiation of interest until it can be absorbed by the 
membrane, in order to increase the amount of the recexved 
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infrared radiation which is absorbed by the membrane 41. 
Although the distance between the membrane 41 and the 
reflective layer 42 is one-quarter wavelength, it may 
alternatively be some other appropriate distance, such as 
an odd multiple of one-quarter of a wavelength. 

The legs 37-38 and the membrane 41 will now be 
described in more detail with reference to FIGURES 4 and 5 . 
FIGURE 4 is a diagrammatic sectional view taken along the 
line 4-4 in FIGURE 2, and FIGURE 5 is a diagrammatic 
sectional view taken along the line 5-5 in FIGURE 4. 
Referring to FIGURES 2-5, the membrane 41 has several 
layers, including at the center a layer 51 of amorphous 
silicon. The layer 51 includes portions which extend out 
through each of the legs 3 7 and 3 8 to the region of the 
outer ends thereof. In the disclosed embodiment, the 
amorphous silicon layer 51 has a thickness of approximately 
300-700A. The amorphous silicon 51 may be undoped, or may 
optionally have a small amount of p-type doping. The 
presence or absence of doping, and its level if present, 
are selected to provide a desired temperature coefficient 
of resistance (TCR) . TCR is a standard measure of the rate 
at which the resistance of the layer 51 will vary in 
response to a change in its temperature. TCR thus 
represents the sensitivity of the membrane 41 for purposes 
of detecting thermal radiation. A high value for TCR is 
desirable, in order to have a high level of sensitivity for 
purposes of detecting thermal radiation. Variation from no 
doping through low and medium- level doping to high-level 
doping permits the selection of a desired TCR value from a 
range of approximately 2.3 to 11.5 %/K. 

On the underside of the amorphous silicon 51 is an 
electrically conductive bottom electrode 53, which in the 
disclosed embodiment is substantially coextensive in length 
and width with the layer 51, and which is not directly 
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electrically coupled to any circuitry external to the 
membrane 41. In this regard, it will be noted from the 
drawings that the layer 53 does not have portions whxch 
extend out through the legs 3 7 and 38. 

Two spaced upper electrodes 56 and 57 are provided on 
the upper side of the layer 51, and are each made from an 
electrically conductive material. In the disclosed 

embodiment, the electrodes 56 and 57 are each made from a 
titanium and aluminum alloy with approximately 50% aluminum 
and 50% titanium, but the amounts of aluminum and titanium 
could alternatively be varied. As best seen in FIGURE 5, 
the electrodes 56 and 57 are each of approximately 
rectangular shape, the nearest side edges thereof being 
spaced and parallel. The electrodes 53 and 56-57 are each 
in ohmic contact with the amorphous silicon 51. 

Conductive strips 58 and 59, which technically are 
integral parts of the respective electrodes 56 and 57, each 
extend from a respective one of the electrodes 56 and 57 
out through a respective one of the legs 3 7 and 3 8 to a 
respective one of the posts 33 and 34, where the strips 58 
and 59 are respectively electrically coupled to the posts 
33 and 34. The strips 58 and 59 are made from the same 
material as the electrodes 56 and 57. As best seen in 
FIGURE 4, the strips 58 and 59 are each somewhat narrower 
in width than the associated leg 37 or 38. 

The aluminum and titanium alloy used for the strips 
58-59 and for the electrodes 53 and 56-57 is electrically 
conductive, but. can also absorb infrared radiation where, 
as here, it is in the form of a layer which is sufficiently 
thin so that it tends to absorb rather than reflect the 
infrared radiation. In the disclosed embodiment, the 
strips 58-59 and the electrodes 53 and 56-57 each have a 
thickness of approximately 100-200A. 
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The membrane 41 further includes bottom and top 
insulating layers 61-62. In the disclosed embodiment, the 
insulating layers 61-62 are made from a dielectric material 
such as silicon nitride (SiN) , but they could alternatively 
be made from some other suitable insulating material. The 
bottom insulating layer 61 is provided on the underside of 
the electrode 53, and is substantially coextensive in 
length and width with the electrode 53. The top insulating 
layer 62 is provided on top of the electrodes 56 and 57, 
and also in the region between them, and has substantially 
the same length and width as the bottom electrode 53. The 
bottom insulating layer 61 has a thickness in the range of 
approximately 200-1000A. The portion of the top insulating 
layer 62 above the electrodes 56-57 has a thickness in the 
range of approximately 200-1500A. The top and bottom 
insulating layers 61-62 help rigidify the membrane 41, so 
as to keep it approximately planar in view of the fact that 
it has no structural support directly beneath it. Further, 
the insulating layers 61-62 serve to passivate the metal 
surfaces of the electrodes 53 and 56-57, so as to limit 
oxidation of these surfaces. The layers 61-62 each include 
a striplike portion that extends out through a respective 
one of the legs 37-38 to the outer end thereof. 

As is well known, there is a progressive increase in 
the effective resistance of amorphous silicon as the level 
of p-type doping is progressively decreased. According to 
a feature of the present invention, the effective 
resistance of the amorphous silicon layer 51 within the 
membrane 41 can be selected in a manner which is 
independent of the doping level. This is achieved by 
appropriately configuring the amorphous silicon layer 51 
and also the size and positions of the electrodes 53 and 
56-57, so as to control the effective distance and area in 
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the amorphous silicon through which current must pass as it 
flows between the electrodes. 

With reference to FIGURE 4, current flows from the 
electrode 56 to the electrode 53 through a short distance 
and over a relatively wide area, and then flows from the 
electrode 53 to the electrode 57, again through a short 
distance and over a relatively wide area. As a result of 
this configuration, the effective resistance provided by 
the amorphous silicon layer 51 between the electrodes 56-57 
can be selected to have a desired value which is suitably 
low, even though the amorphous silicon layer 51 has little 
or no doping and thus has a relatively high resistivity, in 
comparison to other thermally sensitive materials. The 
embodiment of FIGURES 2-5 can thus be configured to have no 
doping or low-level doping of the amorphous silicon 
layer 51, in order to obtain a high TCR and a high level of 
sensitivity, while realizing a resistance which is selected 
independently of the doping so as to be in the range of 
approximately 10KQ to approximately 1000KQ. This permits 
the impedance of the detector element 21 to be matched to 
the input impedance requirement of a pre-existing ROIC of 
a known type that uses a pulsed-bias mode read out 
technique . 

Further, by use of no doping or low- level doping, and 
by adjusting the thickness of the layer 51 and/or the area 
or placement of the electrodes 53, 56 and 57, the effective 
resistance can be set to a selected value within a range of 
30MQ-100MQ, which is compatible with integrating amplifiers 
of a known type that are used to detect and read out 
information present in the detector element 21 as a result 
of received thermal energy. In short, the impedance of the 
detector element can be matched to an ROIC input impedance 
over a relatively wide range, while using little or no 
doping, in order to obtain a high TCR value. 
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As noted above, the electrodes 53 and 56-57 are made 
of an aluminum and titanium alloy, which has been selected 
because it can be deposited in a thickness where it absorbs 
infrared radiation while maintaining a usable direct 
current conductivity. Thus, the electrodes 53 and 56-57 
can each directly absorb thermal radiation and deliver it 
to the amorphous silicon layer 51, without any need for a 
special additional layer which is separate from the 
electrodes and which is provided solely for the purpose of 
absorbing infrared radiation. By avoiding the need for 
such a dedicated absorber layer, there is greater 
flexibility for structurally configuring the layer 51 and 
the electrodes 53 and 56-57 so as to achieve the desired 
resistance through the amorphous silicon layer 51 between 
the electrodes. 

FIGURE 6 is a diagrammatic sectional view similar to 
FIGURE 4, but showing a membrane 81 which is an alternative 
embodiment of the membrane 41 shown in FIGURES 2-5. In 
this regard, the membrane 81 of FIGURE 6 is generally 
similar to the membrane 41, except that the bottom 
electrode shown at 53 in FIGURE 4 has been omitted from the 
membrane 81 of FIGURE 6. This means that the current flow 
through the amorphous silicon layer 51 travels from the 
electrode 56 to the electrode 57, as shown diagrammat ically 
by arrow 82. As with the membrane 41 of FIGURES 2-5, the 
silicon layer 51 and the electrodes 56-57 are structurally 
configured with respect to each other so that the effective 
length and area in layer 51 which is subject to current 
flow provides an effective resistance for the membrane 81 
which can be selected independently of the extent to which 
doping is or is not provided within the layer 51. 

FIGURE 7 is a diagrammatic view similar to FIGURE 6, 
but showing a membrane 85 which is a further embodiment of 
the invention. FIGURE 8 is a diagrammatic sectional top 
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view similar to FIGURE 5, but showing the membrane 85 of 
FIGURE 7. The membrane 85 of FIGURES 7 and 8 is similar to 
the membrane 81 of FIGURE 6, except for the differences 
described below. In particular, the membrane 85 has on top 
of the layer 51 a pair of spaced layers 86 and 87 of an 
insulating material such as silicon nitride (SiN) , with a 
strip 88 of this same insulating material disposed between 
and spaced from each of the layers 86 and 87. The strip 88 
is slightly wider than the distance between the adjacent 
edges of the electrodes 56 and 57. The portions 86-88 of 
the insulating material each have a thickness of about 250- 
350A. 

The adjacent edges of electrodes 56 and 57 are spaced 
by a distance of about 1 micron. The electrode 56 is in 
ohmic contact with the amorphous silicon layer 51 between 
the layer 86 and the strip 88, and the electrode 57 is in 
ohmic contact with the layer 51 between the layer 87 and 
the strip 88. The inclusion of the silicon nitride 
portions 86-88 serves to enhance the rigidity of the 
membrane 85. 

The layers 86 and 87 each include a portion which 
extends out to the end of a respective one of the legs 37 
or 38, and which has a respective trench 89 or 90 etched in 
it. The conductive strips 58-59 which are parts of the 
respective electrodes 56-57 are each disposed within a 
respective one of the trenches 89-90. As a result, the 
conductive material of the strips 58-59 and the electrodes 
56-57 is in ohmic contact with the top surface of the 
amorphous silicon layer 51 from the posts 33-34 all the way 
to the region between the insulating portions 86 and 88 and 
the region between the insulating portions 87 and 88. This 
ensures that the conductive material includes portions 
which extend from the posts to these regions without any 
sections or "steps" where the conductive material has to 



004578 . 1104 



PATENT 



17 

leave the layer 51 and travel over a part of the insulating 
portions 86-87. Since the conductive material 56-59 has a 
thickness somewhat less than the thickness of the 
insulating portions 86-88, the existence of such a step 
would make it more difficult to ensure continuous and 
relatively uniform thickness and conductivity of the 
conductive portions from the membrane all the way out to 
the posts 33-34. The disclosed embodiment thus ensures 
that there is a continuous path out to each post without 
any such step, even though other parts of the conductive 
portions 56-57 are disposed on top of the insulating 

portions 86-88. 

During fabrication of the membrane 85, a layer of 
silicon nitride is deposited on the amorphous silicon layer 
51 and then a masked etch is carried out to expose 
selected portions of the layer 51. This includes creation 
of the trenches 89-90, and formation of the insulatxng 
portions 86-88 having trenches therebetween. Then, a layer 
of realization is deposited over the resulting structure, 
and a further masked etch is carried out to define the 
electrodes 56-57 and the conductive strips 58-59. 

FIGURE 9 is a diagrammatic sectional view similar to 
FIGURE 4, but showing a membrane 91 which is an alternative 
embodiment of the membrane 41 of FIGURE 4. The membrane 91 
is generally similar to the membrane 41, except as 
described below. In particular, the two electrodes 56-57 
of the membrane 41 in FIGURE 4 have been replaced with a 
single top electrode 92 in the membrane 91, the electrode 
92 having a length and width which are coextensive wxth the 
length and width of the amorphous silicon layer 51 and the 
bottom electrode 53. Further, the top electrode 92 xs 
integral with a not - illustrated conductive strip, whxch xs 
similar to the strip 58 (FIGURE 5) and which extends out 
through the leg 37 to the post 33. The bottom electrode 53 
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is integral with a conductive strip 94, which extends out 
through the leg 3 8 to the post 34. 

As indicated by arrow 93, current flows from the top 
electrode 92 to the bottom electrode 53 across a relatively ^ 
short distance and a relatively wide area within the 
amorphous silicon layer 51. As with other embodiments 
described above, the absence of doping or the level of 
doping within amorphous silicon layer 51 is selected to 
obtain a desired TCR value. Further, the layer 51 and the 
electrodes 53 and 92 are structurally configured so that 
the layer 51 provides the membrane 91 with a desired level 
of resistance, which is selected independently of any 
doping, and which can be selected to match the impedance of 
the membrane 91 to the input impedance of an associated 
ROIC circuit. 

FIGURES 10 and 11 show a further membrane 111 which is 
an alternative embodiment of the membrane 81 shown in 
FIGURE 6. FIGURE 10 is a diagrammatic sectional view 
similar to FIGURE 6, and FIGURE 11 is a diagrammatic 
sectional view taken along the line 11-11 in FIGURE 10. 
For clarity, FIGURE 11 includes a section line 10-10 
corresponding to the view of FIGURE 10. In FIGURES 10 and 
11, the membrane 111 is generally similar to the membrane 
81 of FIGURE 6, except as described below. In particular, 
the electrodes 56 and 57 in FIGURE 6 have been replaced 
with two electrodes 112 and 113 that have a different 
configuration. As best seen in FIGURE 11, the electrode 
112 has two fingers 116 and 117, and the electrode 113 has 
a finger 118 which is disposed between the fingers 116 and 
117, in a manner so that there is an approximately uniform 
spacing between the electrodes 112 and 113 at almost all 
locations along the outer edge of the electrode 113. In 
the disclosed embodiment, the uniform spacing between the 
electrodes is approximately 1 micron. 
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Two conductive strips 119 and 12 0 are each integral 
with a respective one of the electrodes 112 and 113, and 
each extend through a respective one of the legs 37 and 38 
to a respective one of the posts 33-34. The strips 119-120 
are each somewhat narrower than the associated leg 37 or 

It will be recognized that, although the electrode 112 
has two fingers and the electrode 113 has one finger in 
FIGURE 10, the electrode 113 could have a larger number of 
fingers, and the electrode 112 could have a larger or 
smaller number of fingers, so long as the fingers of the 
two electrodes are interdigitated . 

The arrows 121 and 122 in FIGURE 10 show how current 
can flow through the amorphous silicon layer 51 from the 
electrode 113 to the electrode 112. As discussed above xn 
association with other embodiments, the amorphous silicon 
layer 51 of the membrane 111 can be undoped or can be doped 
to a selected level, in order to provide the layer 51 with 
a desired TCR . The configuration of the electrodes 112 and 
113 and the spacing between them is selected so that the 
amorphous silicon layer 51 provides between the electrodes 
112 and 113 an effective resistance which has a desired 
value that has been selected independently of the TCR and 
any doping that may be present. 

FIGURES 12 and 13 show a membrane 123, which is an 
alternative embodiment of the membrane 111 shown in FIGURES 
10-11 More specifically, FIGURE 12 is a diagrammatic 
sectional view similar to FIGURE 10, and FIGURE 13 is a 
diagrammatic sectional view similar to FIGURE 11. The 
membrane 123 of FIGURES 12-13 is generally similar to the 
membrane 111 of FIGURES 10-11, except for the differences 
described below. 

During fabrication of the membrane 123, a layer of an 
insulating material such as silicon nitride is deposited on 
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the amorphous silicon layer 51 with a thickness of about 
250-350A, and is then etched to create four separate 
portions 124-127, which are indicated in FIGURE 12 by 
broken lines. This etching step includes the creation of 
trenches 129-130 through the insulating material which xs 
in the legs 37-38. A totalization layer is then deposited, 
and is etched to create two electrodes 131-132, and 
associated conductive strips in the respective trenches 
129-130, one of the conductive strips being visible at 133 
in FIGURE 12. The insulating layer 62 is then deposited 
over the resulting structure. 

The adjacent edges of the electrodes 131-132 are 
spaced by a distance of approximately 1 micron. The 
electrodes 131-132 have interdigitated fingers, including 
two spaced fingers 134-135 (FIGURE 13) which are part of 
the electrode 131, and one finger 13 8 (FIGURE 13) which xs 
part of the electrode 132 and which is disposed between the 
fingers 134-135. The electrode 131 contacts the amorphous 
silicon layer 51 through a trench which is defined by the 
region between the insulating portion 125 and the 
insulating portions 126-127, and the electrode 132 contacts 
the amorphous silicon layer 51 through a further trench 
which is defined by the region between the insulatxng 
portion 124 and the insulating portion 125. 

It will be noted that the width of the insulating 
portion 125 determines the distance which current must flow 
through the amorphous silicon layer 51, and thus determines 
the resistivity of the membrane 123. The combined area of 
the electrodes 131-132 covers substantially the entire 
membrane, except primarily for the gap between their 
adjacent edges. Moreover, since the electrodes 131-132 
each have an overall area which is significantly larger 
than its area of contact with the amorphous silicon layer 
51 each electrode can efficiently absorb infrared 
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radiation across its entire area, while the area of contact 
between each electrode and the amorphous silicon layer 51 
is much smaller and can be controlled in size and placement 
through control of the width and placement of the trench 
5 between the insulating portions 125 and 126-127 or the 

trench between the insulating portions 124-125. 

FIGURES 14-17 depict a detector element 139 which is 
an alternative embodiment of the detector element 21 shown 
in FIGURE 2. FIGURE 14 is a diagrammatic perspective view 
10 showing a portion of the substrate 16 which has thereon the 

reflective- layer 42, the contacts 31-32, and the posts 
33-34 on the contacts, in a manner similar to that already 
described above in association with FIGURE 2. Two 
horizontally extending legs 136-137 each have one end 
15 secured to an upper end of a respective one of the posts 

33-34, and the other ends of the legs 136-137 support a 
membrane 141 at a location spaced above the reflective 
layer 42 . 

The membrane 141 is described in more detail with 
reference to FIGURES 15-17. In this regard, FIGURE 15 is 
a diagrammatic sectional side view of the membrane 141 
(T- taken along the linej££t in FIGURE 14, FIGURE 16 is a 
diagrammatic sectional plan view taken along the line 16-16 
in FIGURE 15, and FIGURE 17 is a diagrammatic sectional 
25 side view taken along the line 17-17 in FIGURE 16. 

FIGURE 17 also diagrammat ically depicts the reflective 
layer 42. For clarity in showing the present invention, 
FIGURE 17 is not to scale. 

As best seen in FIGURE 15, the membrane 141 is a 
30 multi-layer member, where the arrangement of layers in a 

vertical direction is generally similar to that shown in 
FIGURE 4. In particular, there is an amorphous silicon 
layer 142, a bottom electrode 143 on the underside of the 
amorphous silicon layer 142, and two spaced top electrodes 
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_ and 145 on the top surface of the amorphous silicon 
layer 142. The amorphous silicon layer 142 and the 
electrodes 143-145 are sandwiched between top and bottom 
insulating layers 146 and 147. The thicknesses and 
materials used for the elements 142-147 are the same as the 
thicknesses and materials used for the correspondxng 
elements in the embodiment of FIGURE 4. The legs 136 and 
137 each .have multiple layers corresponding to respective 
layers of the membrane 141, except that neither leg has a 
layer corresponding to the bottom electrode 143. 

One significant difference between the membrane 141 of 
FIGURES 14-17 and the membrane 41 of FIGURES 4-5 is that 
the membrane 141 has 16 openings 14 9 provided through it, 
in a pattern which forms a four-by-four array of openings. 
Due to the presence of the openings, the membrane 141 may 
be viewed as having five spaced and parallel strips 151-155 
that extend in one direction, and three spaced and parallel 
strips 156-158 that extend from the strip 151 to the strip 
155 in a direction perpendicular to the strips 151-155. 
FIGURE 14 provides a good view of the electrodes 144 and 
145 along with a portion of the insulating layer 147 which 
is disposed between these electrodes. In the embodiment of 
FIGURES 14-17, the legs 136 and 137 each have a width of 
approximately 0.75 M m, and the strips 151-158 each have a 
width of approximately 1.25 M m. Referring to FIGURE 17, the 
distance 171 between the centers of any two adjacent strips 
151-158 is approximately 5.75 M m. The vertical distance 
between the reflective layer 42 and the membrane 141 is 
approximately 2.5^, which is approximately one-quarter of 
a wavelength of the infrared radiation of interest. 
However, even though the distance between the membrane 141 
and the reflective layer 42 is one-quarter wavelength, it 
may alternatively be some other appropriate distance, such 
as an odd multiple of one-quarter of a wavelength. 
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brief description will now be provided of the 
operation of the disclosed embodiments, beginning with the 
embodiment of FIGURES 1-5. With reference to FIGURE 4, 
arriving infrared radiation will impinge on the top surface 
of the membrane 41, as indicated diagrammat ically by arrow 
162. A small portion of this radiation may be reflected, 
as indicated diagrammat ically by arrow 163. However, most 
of the radiation 162 will travel into the membrane 41, 
where it will be absorbed by one of the electrodes 53 or 
56-57. These electrodes transfer absorbed thermal energy 
to the amorphous silicon layer 51. As the temperature of 
the amorphous silicon layer 51 changes, the resistance 
provided by this layer between the electrodes 56 and 53 and 
between the electrodes 53 and 57 will vary at rate 
corresponding to the TRC . Consequently, by measuring the 
cumulative resistance currently provided by the amorphous 
silicon layer 51 between the electrodes 56-57, an external 
ROIC disposed in the substrate 16 (FIGURE 2) can determine 
the amount of thermal energy which has been absorbed by the 
membrane 4 1 . 

Some of the thermal energy 162 which enters the 
membrane 41 may pass entirely through the membrane 41. 
With reference to FIGURE 2, it will then be reflected by 
the reflective layer 42. As mentioned above, the distance 
between membrane 41 and reflective layer 42 has been 
selected to be approximately one-quarter of a wavelength of 
the infrared radiation of interest. As a result, the space 
between the membrane 41 and the reflective layer 42 forms 
a resonant cavity which effectively traps this radiation 
until it travels upwardly back into the membrane 41, where 
it is absorbed by the electrodes. As noted above, the 
distance between the membrane 41 and the reflective layer 
42 is one-quarter wavelength, it may alternatively be some 
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other appropriate distance, such as an odd multiple of one- 
quarter of a wavelength. 

The embodiments of FIGURES 6-11 each operate in a 
manner similar to that just described for the embodiment of 
FIGURES 1-5, except to the extent that each such embodiment 
has a different configuration of electrodes and thus a 
different path for current flow through the amorphous 
silicon layer 51. Accordingly, it is believed that the 
operation of these embodiments will be self-evident in view 
of the foregoing discussion of the embodiment of 
FIGURES 1-5, and that a detailed discussion of the 
operation of each of these embodiments is thus unnecessary 
here . 

Turning to the embodiment of FIGURES 14-17, and as 
shown in FIGURE 17, a portion of the radiation arriving at 
the thermal detector 141 is indicated diagrammatical ly by 
an arrow 177, and will impinge directly on the upper side 
of one of the strips 151-158. A small portion of this may 
be reflected, as indicated by arrow 178. However, most of 
the radiation 177 will pass into the membrane 141, and will 
be handled in a manner similar to that discussed above in 
association with the embodiment of FIGURES 1-5. 

As indicated diagrammat ically by arrow 179 in 
FIGURE 17, a substantial portion of the radiation arriving 
at membrane 141 does not impinge directly on the membrane, 
but instead passes through one of the openings 14 9 and is 
then reflected by the reflective layer 42. The width of 
the strips 151-158, the spacing 171 between the strips, 
and the distance 173 between the membrane 141 and the 
reflective layer 42 are all selected so that the region 
between the membrane 141 and the reflective layer 42 is a 
resonant cavity that traps infrared radiation having 
wavelengths of interest, notwithstanding the presence of 
openings 149 through the membrane 141. In particular, 
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energy from the incident radiation 179 is diffracted by the 
cross-grating membrane 141 into higher order, non- 
propagating evanescent cavity modes, which appear within 
the diffractive resonant cavity. Thus, the radiation 179 
which initially passes through the membrane 141 will be 
trapped within the resonant cavity until it is absorbed by 
one of the strips 151-158. 

in other respects, operation of the embodiment of 
FIGURES 14-17 is generally similar to the operation 
described above for the embodiment of FIGURES 1-5. It will 
be recognized that the embodiment of FIGURES 14-17 is 
capable of absorbing infrared radiation approximately as 
efficiently as the embodiment of FIGURES 1-5, but has a 
much smaller physical and thermal mass. Due to the reduced 
thermal mass, it is possible to achieve a low thermal time 
constant, for example less than 5msec. 

The present invention provides a number of technical 
advantages. One such technical advantage results from the 
fact that the invention uses amorphous silicon. Amorphous 
silicon permits a higher level of TCR, so as to realize 
significantly increased sensitivity in measuring thermal 
radiation. A further advantage is that, by selecting an 
appropriate configuration for the amorphous silicon 
material and the associated electrodes, a desired 
resistance at a selected temperature can be implemented 
generally independently of the level of doping and the TCR 
value. This permits pixel impedance to be matched to ROIC 
impedance over a wide range, thereby permitting amorphous 
silicon based detector elements to be used with existing 
ROIC circuits, including pulsed-bias mode current skimming 
ROIC designs commonly used with vanadium oxide detector 
elements, as well as direct current bias switched capacitor 
integrating amplifier per unit cell ROIC designs. 



004578 . 1104 



PATENT 



A further advantage is that the mass of the membrane 
of each detector element is reduced, which increases pixel 
response by lowering the thermal mass, at no cost to 
absorption efficiency. As such, a very low thermal time 
constant is realized, which in turn contributes to a 
relatively high operating speed, for example up to a 100 Hz 
frame rate using an f/1 optical system. A further 
advantage results from the implementation of the electrodes 
with a material which is electrically conductive and which 
can also absorb thermal radiation, thereby avoiding the 
need for a separate layer or element which is dedicated to 
absorbing thermal radiation within the membrane. 

Although several selected embodiments have been 
illustrated and described in detail, it should be 
understood that various substitutions and alterations can 
be made therein without departing from the present 
invention. For example, several different membranes have 
been disclosed which have various different configurations 
of the electrodes and amorphous silicon layer, but it will 
be recognized that there are also a variety of other 
configurations that also fall within the scope of the 
present invention. Further, one disclosed membrane has 
openings therethrough which are arranged in a regular 
pattern. However, it will be recognized that the size and 
spacing of the openings could be varied, and that the 
openings could be provided in some other regular or 
irregular configuration. Other substitutions and 

alterations are also possible without departing from the 
spirit and scope of the present invention, as defined by 
the following claims. 



